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Method and Apparatus for 
Determining Defect Detection Sensitivity Data, ! 
/ Control Method of Defect Detection Apparatus/ 
and Method and Apparatus for Detecting Defect 
5 of Semiconductor Devices 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
10 Application No. 2002-305157, filed on October 18, 2002; 
the entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
15 The present invention relates to a method for 

determining defect detection sensitivity data, a 
management method of 

a defect detection apparatus, an apparatus' of 
determining defect detection sensitivity data, and a 

20 method and apparatus for detecting defect. of 
semiconductor devices. 

It has been a significant matter of concern 
inspecting if semiconductor devices processed as 
required are defective in order to attain better yields 

25 and maintain the increased yields. Especially,; the 
current semiconductor device manufacturing industry has 
been shifting its strategy from mass production iof a 
restricted variety of items as represented by. the 
production of semiconductor memories to reduced scale 

30 production of a great variety of items as in, the 
production of logic circuits having short lives,! and 
hence, it becomes a critical matter to efficiently 
perform the aforementioned semiconductor device defect 
inspections with the optimum sensitivity as murfi as 

35 possible. 

Disclosed below is one of ways commonly tak^n to 
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determine semiconductor devices as being defective, from 
a defect of minute pattern shaped in wafer and a random 
defect found in unfinished crystalline phase of d vices. 

First, gathered are surface images of adjacent 
5 pairs of chips of the wafer or adjacent pairs of array 
blocks of a memory having cells deployed in matrix, 
which are produced into detectable format of ojitical 
images or electron-beam images • The detected imag.es of 
the adjacent pairs of chips or cell array bloclts are 
10 compared to one another to extract differences .among 
them, and portions on a chip, for example, corresponding 
to the differences are discriminatively taken as defects 
of the chip. 

More specifically, the differences are extracted by 
15 way of the filtering to eliminate noise from the 
obtained images of the adjacent pairs of the chips, and 
the succeeding counting of a uni<iueness quantity ' (gray 
scale value) of each of pixels of the image. , The 
uniqueness quantity of each pixel is compared with that 
20 of a counterpart image (e.g., these samples undergo 
subtraction) . If the difference of the uniqueness 
quantities (gray scale values) is equal to a 
predetermined level (threshold value) or even higher, 
the pixel is discriminatively extracted as- the 

25 difference. 

However, such a method of detecting deficiencies of 
semiconductor devices has a requirement of setting an 
inspection apparatus with the aforementioned thrjeshold 
value (inspection sensitivity) in advance, ^nd a 

30 determination of the threshold value is a time consuming 
task* There is additional problem that the determined 
threshold value lacks reliability. These disadvantages 
in the prior art will be detailed below. 

Fig- 24 is a flow chart illustrating a pri6r art 

35 method of setting the threshold value. With referejnce 
Fig. 24, this prior art method will be described. 
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First, an arbitrary threshold value Is set to the 
semiconductor device defect detection apparatus in 
advance (Step SlOl) . Then, each of the pixels of a 
surface image taken for a targeted semiconductor device 
5 on an image pickup unit is converted in multi-level data 
to produce digitized image data (Step S102) . The 
digitized image data is compared with another digitized 
image data obtained from the similar type of 
semiconductor device (e.g., an adjacent chip) on the 

10 single-pixel -*at-a- time basis in the same manner as 
mentioned above, to detect differences of those 
digitized image data, and eventually, real portions of 
the semiconductor device corresponding to the 
differences are discrimi natively determined as defects 

15 (Step S102) . The defects are subjected to the sanpling 
(step S103) and then, undergo an eye inspection (review) 
by a human operator (Step S104) . As a result of this 
inspection, it is checked if the defect detection ;level 
reaches the desired criteria on types and scales of the 

20 defects, that is, if the arbitrary threshold valpe is 
appropriate (Step S105} . After the review, if the 
inspection level is satisfactory (YES at Step S105)', the 
arbitrary threshold value preset is en^loyed., or 
otherwise, if not (NO at Step S105) , the procedural 

25 steps (Steps SlOl to S105) are repeated from the setting 
of the threshold value to the review of the inspection 
level till it reaches the satisfactory inspection l^vel . 

As is recognized, the aforementioned manner of 
setting the threshold value may often have to repeat 

30 more than one set of steps starting with the setting of 
the arbitrary threshold value and terminated with the 
review of the inspection level till the determination of 
the threshold value, and inevitable Is a time consuming 
task of trial and error till the eventual detez^nination 

35 of the threshold level . In other words , the successful 
setting of the threshold value highly depends • up>on 



skills of a recipe planner (a person who de'termlnes 
factors including the threshold value) , and it may take 
an unacceptably long time to obtain the threshold Value 
and the required time for this task is often ' non- 
predi c t abl e « 

There is additional disadvantage as mentioned J^elov 
in this threshold value set^ting xnethod, especially, in 
..the -Step. of. defects review (Step S104 .in.Fig. 24).' The 
defect review primarily includes a method of reviewing 
all the semiconductor devices judged as defective (itotal 
review) and a method of taking some Bamples from the 
defective semiconductor devices if there are so ' many 
(sampling review) . The total review is more • time 
constmilng and not efficient, and the sampling review xnay 
leave the defective products unmarked to find a 
remarkable error in the determined threshold value, 
which often unavoidably leads to a re-correction of the 
threshold value. 

To overcome the disadvantages, it has . been 
necessary to provide an improved way of accurate 
cjuantitative setting of a threshold value to attain a 
reduced time high precision setting of the threshold 
value . 

Semiconductor device mass production factories, 
which process niunerous wafers of the same Itype, 
typically use a number of wafer inspection apparatuses 
for efficient inspection ♦ However, such inspection 
apparatuses of the same type have their respective minor 
inherent peculiarities, and thus, it is undesirabile to 
consistently use the same recipe (e.g. , various 
requirements for each inspection such as the threshold 
value, an intensity of light directed to device^ for 
image pickup, and so forth) . This is why adjustments of 
components such as optics are necessary fori the 
individual inspection apparatus with its own ynique 
references » In general , since recipes are made in a non- 
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quantitative fashion, a successful recipe highly depends 
upon how its planner is skilled, and such r cipe inalcing 
is a time consuming job. As mentioned above, it takes an 
extraordinarily long time to adjust optics of the 
5 inspection apparatus on the one-at-a-time basis, and 
this is a cause of varied performance in obtainin^g the 
results of the matching from one inspection apparatus to 
another . 

The matching for the individual inspection 

10 apparatus will be exemplified as follows: First, more 
than one wafers, which have undergone the predetermined 
process, are inspected on an inspection apparatus to 
determine coordinates (defect coordinates) specifying 
defects detected in the wafer. The defect coordinates of 

15 the wafers are further examined to discriminatively 
extract master defect coordinates that are detected at 
an arbitrary detection rate or higher, and then, 
portions of the wafers corresponding to the master 
defect coordinates are counted to obtain the nxjmber of 

20 master defects and then saved* The sequence of tasks 
from detecting the defect coordinates of the wafers to 
saving the counted number of the master detiects are 
repeated for the same wafers in the same fashion on the 
remaining inspection apparatuses. The results of the 

25 inspections on the inspection apparatuses are compared, 
and the inspection apparatuses have their respective 
optics regulated to have the same result on the ijnaster 
defects in number. 

However^ t.he wafers applied t:o the matching on the 

30 inspection apparatuses are standardized wafers prepared 
by a manufacturer of the inspection apparatuses and 
factory processed wafers, but are of different type from 
t:he inspectiion target wafers (the matching of all ^he 
types of the targeted wafers is impossible for various 

35 reasons such as a restriction of time) . This way of the 
matching does not cover the thorough inspection Of all 



wafers that should be insp cted and does not satisfy th 
desired reliability. ; 

It has been desired to carry out the matching on 
more than one inspection apparatuses with wafers of the 
same type as that of the inspection target wafers' in a 
quantifying manner instead of the prior art ' time 
consuming matching method that causes the undesirably 
uneven matching results among the inspection apparatuses. 

Furthermore, as also mentioned above, in the ! prior 
art recipe design for the inspection apparatuses:, the 
fulfillment of the recipe highly depend upon the skills 
of its planner, and samples employed in the recipe is 
unsatisfactory in variation and number. Thus, the recipe 
designed in this way is not fully reliable and often 
lacks durability to noise {robustness) • This is ^Iso a 
matter of concern in the standpoint of quality control 
(QC) of which orientation is periodical inspections and 
maintenance of the performance of the inspection 
apparatuses. This will be more detailed below. 

Fig, 25 is a graph illustrating an example of the 
prior art inspection apparatus QC, 

In the prior art inspection apparatus QC, the same 
sample is examined at predetermined time intervals (e*g,, 
one-week intervals) with the same recipe, and a "fall or 
safe" test is discriminatively performed, depending upon 
if the result of the detection, namely, the tot^l of 
defects is in a range of tolerance between the lower and 
upper limits of the number as in Fig. 25 • If the 
detection result or the number of the defects is not in 
the range, the resolution is that the inspection 
apparatuses do not meet the standardized quality 
requirements and have to send for maintenance • ; As 
mentioned above, the fulfillment of the recipe depends 
upon the skills of the recipe planner, and as is often 
the case, any error factor cannot be negligible wi;thout 
leaving margin of the threshold value in the course of 
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r cipe planning. In such a case, an excessively large 
number of defects would be found to draw a conclusion 
that the inspection apparatuses actually meeting the 
quality requirements are numerically unsatisfied to 
5 conform to the standard. Thus, it has been an urgent 
master of concern to provide the improved recipe 
planning, especially ^ the in^roved method of determining 
the threshold value to introduce and perform an 
appropriate inspection apparatus QC. 

10 In the process lines of semiconductor devicjes at 

manufacturing plant, there are a variety of and a number 
of semiconductor manufacturing apparatuses for proq^sses 
of wafers, and the semiconductor manufacturing 
apparatuses work with various process sequences for 

15 batch processing, multi-chamber processing, and so on. 
Hence, it is unavoidable that wafers having undergone 
various processes through the processes have lot-to-lot 
variations and wafer- to -wafer variations in the same lot. 
To avoid such variations, it is desired that the 

20 thorough inspection of all the wafers {total inspection) 
is carried out. Taking the cost and throughput! into 
consideration, however ^ the total inspection ot the 
wafers is hard to introduce. In typical practice, the 
upper limit in number of wafers the inspection 

25 apparatuses can deal with is predicted from a capacity 
of the apparatuses, and the inspection is performed to 
such as many a number of wafers as possible, although 
the number is limited, to reduce wafers skipping the 
inspection. For example, prior to the wafer inspection, 

30 a wafer- sampling plan is drafted based upon a 
statistical analysis of a manufacturing history of 
wafers to reduce the wafers overlooked without 
inspection. Wi-th this solutiion, the wafer inspection 
still has a problem as mentioned below. 

35 This wafer inspection is planned having ; great 

weight upon inspecting as many a nxxniber of wafers as 
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possible with the limited number of inspection 
apparatuses, and the optimization of cost performance 
(or loss) is the second or third matter. A yield of the 
wafers is always varied, but factors of the* cost 
5 estimation such as the time inteirval from one inspection 
to the next (inspection frequency) , the number of 
inspected wafers, and so forth, , once determined; are 
never changed. Hence, -a matter -that cannot wait, is a 
tactic of automatically revising values of the' cost 
10 factors, allowing for the optimized estimation of cost, 
in a quantifying manner. 

SUMMARY OF THE INVENTION 
According to a first aspect of the present 
15 invention, there is provided a method of deterzidnlng 
defect detection sensitivity data, comprising: 

taking image data from the desired surface ar^as of 
each of semiconductor devices, 

processing at least two of the image data through 
20 arithmetic operations and comparing the processed ' image 
data with a parameter of defect detection sensitivity 
substituted by predetermined threshold data to obtain 
Information on defects in the desired areas at least in 
one-to-one correspondence with any of the image data 
25 arithmetically processed, 

repeating more than once the step of varyinJg the 
parameter of the defect detection sensitivity to pbtaln 
the defect information, so as to obtain more than one 
sets of combination data on a value of the parameter of 
30 the defect detection sensitivity correlated with the 
defect information, 

processing more than one sets of the combination 
data to produce a mathematical function expressing a 
relation of the desired statistical data with the 
35 parameter of the defect detection sensitivity ,| the 
mathematical function being used to determine effect 



detectaon sensitivity data, the defect detection 
e nsitivity data being used in obtaining the information 
on the defects in the desired surface areas of the 
semiconductor devices under defeat inspection, and the 
5 defect detection sensitivity data defining an existence 
range of the defect information in the image data which 
are taken from the desired surface areas of each 
semiconductor device and which are arithmetically 
processed in the previous step. 

10 According to a second aspect of the present 

invention, there is provided an apparatus of determining 
defect detection sensitivity data, comprising 

an image data pickup unit directing light or 
electron beam to the desired surface areas of eaish of 

15 semiconductor devices and receiving reflected light or 
electrons from the desired surface areas to pick up the 
image data, 

a first arithmetic operation unit processitig at 
least two of the image data through aritlimetic 

20 operations and comparing the processed image data with a 
parameter of defect detection sensitivity substituted by 
predetermined threshold data to obtain information on 
defects in the desired areas at least in one-to-one 
correspondence with any of the image data arithmetically 

25 processed, and repeating more than once the step of 
varying the parameter of the defect detection 
sensitivity to obtain the defect information, so ^s to 
obtain more than one sets of combination data on a value 
of the parameter of the defect detection sensitivity 

30 correlated with the defect information, and 

a second arithmetic operation unit processing, more 
than one sets of the combination data to produce a 
mathematical function expressing a relation of; the 
desired statistical data with the parameter of the 

35 defect detection sensitivity, the mathematical function 
being used.^ to determine defect detection sensitiivity 
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dat.a^ the defect detection sensitivity data being used 
in obtaining the infonnation on the defects in the 
desired surface areas of the semiconductor devices * under 
defect inspection, and the defect detection sensitivity 
5 data defining an existence range of the defect 
information in the iinage data which are taken from the 
desired surface areas of each semiconductor device and 
.which are- arithmetically processed in the previous step. 

According to a third aspect of the piresent 

10 invention, there is provided a method of detecting 
defects in semiconductor devices^ comprising: 

exploiting various data to produce a' roathemitical 
function expressing a relation of cost of manufacturing 
the semiconductor devices with parameters of • cost 

15 factors including semiconductor device defect inspection 
conditions and influencing the cost, the various* data 
being stored in a processing device database, a lyield 
database / and an electric property database, 
respectively, the processing device database storing 

20 data related to processing devices used in manufacturing 
semiconductor devices, the yield database storing; data 
related to yields of the semiconductor devices, arid the 
electric property database storing data on the results 
of a tester inspection and data on the results of the 

25 matching of the tester inspection results with the 
defect information of the semiconductor devices, 

determining the cost factors through the 
mathematical function expressing the relation of the 
cost with the parameters of the cost factors, 

30 carrying out the semiconductor device defect 

inspection, relying on the cost factors and the defect 
detection sensitivity data fixed by an above^-ment^ioned 
method, 

producing data on renovated yields from: the 
35 information on defects detected by the semiconductor 
device defect inspection and the data on yields stored 
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in the yield database, 

producing data on renovated results of the matching 
of the defect information with the results of a tester 
inspection, and 

5 using feedl^ack data of the renovated yi^ld data and 

the renovated matching result data to repeatedly produce 
a mathematical function expressing a relation of the 
jcost with the parameters of the cost factors. 

According to a fourth aspect of the pr'^sent 

10 invention, there is provided a semiconductor dlevice 

i 

defect detection apparatus, comprising: 

a processing device database storing data related 
to processing devices used in manufacturing 
semiconductor devices 

15 a yield database storing data related to yields of 

the semiconductor devices, 

an electric property database storing data on the 
results of a tester inspection and data on the results 
of the matching of the tester inspection results: with 

20 the defect information of the semiconductor devices,] 

a cost calculating unit exploiting the data sjtored 
in the processing device database, the yield database, 
and the electric property database, respectively, to 
produce a mathematical function expressing a relation of 

25 cost of manufacturing the semiconductor devices • with 
parameters of cost factors including semiconductor 
device defect inspection conditions and influencing the 
cost, and determining the cost factors through the 
mathematical function expressing the relation of the 

30 cost with the parameters of the cost factors, 

a semiconductor device defect detection apparatus 
carrying out the semiconductor device defect inspection, 

i 

relying on the cost factors and the defect detection 
sensitivity data fixed by the above-mentioned method, 
35 and 

yields; data management unit producing data on 
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renovated yields from the inrormation on defects 
detected under the defect inspection by \ the 
semiconductor device defect detection apparatus and from 
the data on yields stored in the yield database^ 
5 producing data on renovated results of the matchipg of 
the defect information with the results of a tiester 
inspection, and transferring feedback data of! the 
renovated yi_elds and the renovated matching results to 
the cost calculating unit. 

10 

BRIEF DESCRIPTION OF THE DRAWIKGS 
Fig. 1 is a flow chart illustrating an exexnplary 
process of determining a threshold value in accozjdance 
with an embodiment of the present invention; 
IS Fig. 2 is a diagram showing an example .of a 

threshold value determining unit used in the process of 
determining the threshold value; 

Fig. 3 depicts a wafer processed as required; 
Fig. 4 shows an image data from an inspection area 
20 divided into numerous pixels each of which is digitized; 

Fig. 5 is a diagram illustrating the matching of 

dies ; 

Fig. 6 is a graph representing a varied gradation 
on the abscissa axis and the number of pixels of the 
25 varied gradation on the ordinate axis; 

Fig. 7 is a graph representing a threshold value 
(varied gradation on the abscissa axis and a standard 
deviation of the number of detected defects on the 
ordinate axis; 

30 Fig. B is a flow chart illustrating arithmetic 

operations specifying a range of the desired threshold 
value ; 

Figs* 9 and 10 are graphs' exemplifying the process 
steps expressed in the flow chart in Fig. 8; 
35 Fig. 11 depicts a situation in which the threshold 

value is eventually determined in the range calculated 
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in the process step of specifying the range of the 
threshold value as illustrated in the flow chart; 

Fig. 12 is a graph showing a situation whete an 
arbitrary offset value is given to the deterpiined 
5 threshold value; 

Fig. 13 is a graph showing a situation where the 
threshold value is obtained through Step 36 in thei flow 
chart; 

Fig. 14 is a graph provided for illustrating 
10 effects of a first embodiment of the present invention; 

Figs. 15, 16 and 17 are graphs showing a method 
employing a replacement manner of specifying the range 
of the threshold value in the threshold value specifying 
step in the flow chart in Fig. 8; 
^5 Fig. le is a graph illustrating the matching of 

more than one inspection apparatuses, following the 
fii^st embodiment of the present invention; 

Fig. 19 is a graph illustrating a quality control 
(QC) for the inspection apparatuses, following the first 
20 embodiment of the present invention; 

Pig. 20 is a graph (of loss function) illuBtrating 
an exemplary model frame of the total cost optimization; 

Fig« 21 depicts a cost management system 
calculating various data on factors of the . cost 
25 estimation for the total cost optimization; 

Pig. 22 is a flow chart illustrating an operiation 
of a defect inspection management system of the ■ cost 
management system; 

Pig. 23 is a graph illustrating a situation of 
30 correcting the data on factors of the cost estimation, 
sacrificing the total cost performance; 

Fig. 24 is a flow cihart illustrating a prior art 
method of setting a threshold value (inspection 
sensitivity) ; and 
35 Fig. 25 is a graph illustrating an example 'Of a 

prior art <3uality control of the inspection apparatuses. 
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DETAILED DESCRIPTION OF THE INVENTION 
Referring to the accon^anying drawings, embodiments 
or the present invention will be described. 

5 

<Ernbodiinent 1> 

Fig. 1 is a flow chart illustrating an exemplary 
process of determining a threshold value in accordance 
with the present invention / and Fig* 2 is a diagram 

10 showing an example of a threshold value determining, unit 
used in the process of determining the threshold value. 

As can be seen in Fig. 1, the process of 
determining a threshold value includes steps of taking 
image data of surfaces of target sextd conductor deyioes 

15 that should be inspected (Step SI), multi-^leveling- each 
pixel of the image data and storing the results as 
digitized image data in a memory (Step S2) , usinc^ the 
digitized image data in the memory to calculate the 
number of defects of each semiconductor device in terras 

20 of each of parameters of threshold values (Step ! S3) , 
using the calculation results in the previous step to 
compute a standard deviation of the number of detected 
defects in terms of each of the parameters of. the 
threshold values (Step S4) , using the computiation 

25 results of the standard deviation to specify a range of 
the desired threshold value (Step S5) / and using the 
results of the previous step to eventually determine the 
threshold valve (Step S6) , 

As illustrated in Fig. 2, a threshold yalue 

30 determining unit 1 is comprised of an image data pickup 
unit 2 executing tasks of Steps 81 and S2 to obtain 
image data and store digitized image data as mentioned 
above, an image datia memory 3 storing the ciigitized 
image data, an image data conqparator unit 4 executing 

35 tasks of Step S3 to calculate the number of defects as 
mentioned above, a first arithmetic operation unit 5 



executing a task af Step S4 to calculate a etdndard 
deviation as mentioned above, and a second arithmetic 
operation unit 6 executing tasks of Steps S5 and S6 to 
specify a point of convergence of the standard deviation 
5 and to determine the threshold value, as mentioned .above. 

With reference to Figs, 1 and 2, the aforementioned 
threshold value determining process will be details in 
order of the sequence of Steps SI to S6. 

The step of obtaining the image data <Step SI)' will 

10 first be described. 

This step is performed by the image data pickup 
unit 2 <see Pig. 2) to take image data of surfaces of 
target semiconductor devices that should be Inspected. 
The step will be described in more detail below . 

15 Fig. 3 depicts a substrate (wafer) 8 that has 

undergone a required process and has a n\OTber of jchips 
(semiconductor devices) 9 built up thereon. Although, as 
will be recognized, there are thirty-six of the ichips 
9(1) to 9(36) incorporated in the wafer 8, a real Iwafer 

20 typically has more chips thereon. In this eihbodipient, 
only four of the chips 9(21) to 9(24) among the chips 9 
a^e taken as target devices (a source of the image data) 
that should be inspected^ simply by way of example. ' More 
specifically, as illustrated in Fig. 3, inspection areas 

25 10 (21) to 10(24) of part of the chips 9(21) to :9C24> 
are actual target areas of the inspection. The 
inspection areas 10(21) to 10(24) are scanned .in a 
direction denoted in the drawing by a scanner suchi as a 
CCD sensor to get images of the inspection areas 10(21) 

30 to 10(24). An alternative to the CCD sensor used for 
image pickup of the inspection areas 10(21) to 10(24) is, 
for example, a scanning electron microscope. The 
inspection areas 10(21) to 10(24) are, for exan^dle^ 
wiring regions as depicted in an enlarged form, 

35 As has been described, in the step of obtajining 

image data the images of parts of the chips 9(21) to 



9<24}, najnely, of the inspection areas 10(21) to X0(24} 
on the wafer 8 are taken and their respective image data 
are gathered. ! 

As can be seen in Fig. 1/ the step of storing 
5 digitized image data (Step S2) will be detailed below. 

This step of storing digitized image data includes 
converting the image data obtained by the image* data 
— pickup -unit-.2 »-<see -Fig. 2) in the previous step iiStep 
SI) into digitized image data to store them in the 
10 digitized image data memory 3. This step wiXl be 
described in more detail below* 

Fig» 4 shows the image data from the inspection 
area 10(21) divided into numerous pixels each of which 
is digitized. 

15 As can be seen in Fig. 4, the pixels of the 'image 

data in the inspection area 10(21) are digitized ' in a 
range of a gradation value from 0 to 255, for example , 
and the image data of the pixels are stored as digitized 
image data in the memory 3. At this time, other, data 

20 such as coordinates of the pixels on the wafer 8 are 
also stored. Similarly, the image data of the remaining 
inspection areas 10(22} to 10(24) are digitized on the 
single pixel basis and then stored in the digitized 
image data memory 3. 

25 Then, returning to Fig. 1, the step of calculating 

the nisihber of detected defects (Step S3) will be 
described below « 

In this step of calculating the number of detected 
defects, the digitized image data of the inspection 

30 areas 10(21) to 10(24) stored in the digitized image 
data memory 3 in the previous step (Step S2) are used to 
calculate the number of defects existing in the 
inspection areas 10(21) to 10(24) by means of die 
matching, for exainple. In this case, the threshold 'value 

35 mentioned later is varied in 256 multi-levels from] 0 to 
255 in accord with the aforementioned gradation val.ueB 0 
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to 255 to calculate the number at d fects of the 
inspection ar as 10(21) to 10(24) for each of the 
threshold value. This step ie executed by the imag^ data 
comparator unit 4, More detailed explanation will be 
S provided below . 

Above all, particulars of the method of detecting 
defects in the fashion of the die matching will be 
described. 

Fig. 5 is a diagram illustrating the die matdhing. 

10 AS can be seen in Pig. 5, it is assximed that image; data 
A to C of the inspection areas A to C (not shown) * have 
already been gathered. The image data A to C are macle of 
numerous pixels each of which has any of gradation 
values 0 to 2BB , With such a presumption, the image! data 

15 A to C are used to detect defects in the inspection! area 
B. 

First, as illustrated in Fig» 5, the gradation 
values of the pixels of the image data A and B are 
subtracted on the each -pixel -from- its -counterpart basis 

20 between two of the image data, and absolute values of 
the subtraction results (|A-B|) are obtained* The 
absolute values of the subtraction results among the 
pixels are shown in Cell Table 12(1) in Fig. 5 Where 
cells as many as the pixels Of the image data B are 

25 arranged. Each cell stores any number of the gradation 
values 0 to 255. The image data B and C undergo the 
similar subtraction operations of the gradation values 
on the one-pixel -from-its -counterpart basis to find the 
absolute values (|B-CI), which are arranged in Cell 

30 Table (2) having as many a number of cells as the pixels 
of the image data B. Then, a set of common entities 
between the cell tables 12(2) and 12(1) are extracted 
(|A-B| AND |B-C[); that is, as a result of the xnatching 
of each cell in Table 12(1) to its counterpart in Table 

35 12 (2) , the cell of the smaller value leaves its value in 
corresponding blocks of Cell Table 12 (3) . The resultant 
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set of connnon ntities in the Cell Tables 12(1) and 
12(2) are repr sented, as in the Cell Table 12(3), as 
cell entities of a large difference of the gradation 
values^ of a small difference of the gradation valines 
S and of zero difference of the gradation values'. A 
decision of "large or small" is made depending uppn if 
the cell entities are larger or smaller , than, the 
thre shold value, as mentioned later. Parts of the 
inspection area B corresponding to the cells in .Table 

10 12 (3) of which entities are regarded as of a larger 
gradation difference than the threshold value: are 
defective, and two defects are shown in the Cell ;Table 
12(3)* In principle, the entities of the cells 

corresponding to normal portions on the inspection] area 

15 B should have been of zero gradation difference eaccept 
for a minor gradation difference due to noise con^onent 
adversely detected during the scanning. In, the 

aforementioned explanation, the absolute values of the 
differences between the pixels of one image data and 

20 their respective counterparts of the other are extracted 
to discriminatively point out the differences between 
two of the image data, but instead, the absolute values 
may be replaced simply with the differences subjected as 
the suspected parts to the discriminative detection on 

25 both the image data » 

The above statement is further illustrated .in a 
graph of Fig. 6. 

The graph of Fig. 6 provides the gradation 
difference attributed to the cells in the Cell Taijle 

30 12(3) on the abscissa axis and the number of cells 
having the gradation difference, namely, the number of 
pixels of the image data B on the ordinate axis, 
respectively. 

As can be seen in Fig. 6, any portion oii the 
35 inspection area B corresponding to the pixel of a larger 
gradation difference than the threshold valu^ is 
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determined as defective. Alternatively^ this criterion 
of discrimination of "defective" from "normal" may be 
replaced with some other reference. For instance, other 
information such as the number of the pixels of the 
S gradation difference larger than the threshold value^ 
coordinates of the pixels of the gradation difference, 
and the like may be used to count the number of defects* 
Specifically, an existence of more than a certain number 
of the pixels of a predetermined gradation difference in 

10 a certain coordinate range may prove a single defect « 

On the other hand, as shown in Fig. 6, any portion 
on the inspection area B corresponding to the ^ixel 
having a smaller gradation difference than the threishold 
value is regarded as normal* In Fig. 6, gradation 

15 differences greater than zero and simultaneously larger 
than the threshold value are caused by noise coznponents . 
Such noise components are derived from an uneven . film 
thickness, a stage alignment precision, and the like, 
and the smaller gradation difference results in the 

20 greater number of pixels being counted ► 

The detection of the nuziiber of defects and the 
existence of the defects of the inspection area B have 
been described in the context of the die matching 
regarding three image data A to C, and it should be 

25 contemplated that an alternative to this may be a 
detection for only two of the image data A and B to 
calculate the nuniber of defects of the inspection area B. 

In the above-mentioned step of calculating- the 
number of defects (Step S3) , the die matching is used to 

30 calculate the nuniber of defects existing in the 
inspection areas 10(21) to 10(24) for each of the 
threshold values varied in 256 multi -levels ranging: from 
0 to 255 . 

More specifically, first, the digitized image dat« 
35 of the inspection areas 10(21) to 10(23) stored iii the 
digitized Image data memory 3 (s Fig. 3) undergo the 
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die matching in the af ox-emerktioned fashion to calculate 
the number of defects of the inspection area 10(22). At 
this time, the threshold value is incremented by one 
from 0 to 255, and for each of the threshold value, the 
number of defects is counted. In this way, the threshold 
value is successively varied from 0 to 255 to detect the 
defects in number of the inspection area 10<22) for each 
threshold value, and as a . consequence, 256 data sets of 
coiiibinations of the threshold value with the number of 
defects are obtained* As to the inspection regions 
10(21), 10(23), and 10(24), respectively, 256 data sets 
in combination of the threshold value with the number of 
defects are similarly produced. In this embodi^ment, 
although the threshold value is varied in 256 xmilti- 
levels ranging from zero to 255, the multi -leveling of 
the threshold value may be corrected as desired; for 
example, in 128 gradations starting with zero! and 
incremented by two as in O, 2, 4, 6.., or in only a 
specified range as in 51, 52„. , 100. 

Next, as shown in Fig. 1, the step of obtaining 
image data (Step SI), the step of storing digitized 
image data (Step S2) , and the step of calculating the 
number of detected defects (Step S3) are repeated j more 
than once (m times) , for example, five times herein* In 
this case, the wafer 8, which is the same one as; used 
above, is subjected to those process steps to examine 
the same inspection areas 10(21) to 10(24). Another 
wafer may be substituted for the wafer 8, and the 
detection of defect is carried out for the inspection 
areas other than 10(21) to 10(24). Repeating! the 
sequence of the steps in this manner, 1280 («25« x 5) of 
the data sets of combinations of the threshold value 
with the number of defects are obtained for each ot the 
inspection areas 10(21) to 10(24) « 

Then, referring back to Fig. 1, tiie step of 
calculating a standard deviation (Step S4) will be 
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described. 

The step of calculating a standard deviation is 
execut d by the first arithmetic operation unit 5 (see 
Fig. 2) to use the combination data of the threshold 
5 value with the number of the detected defects i^x the 
previous step and calculate a standard deviation of the 
number of defects which are. detected for each of the 
threshold value .(.0 .tjo 255) This step will be described 
in more detail below* 

10 The combination data of the threshold value' with 

the number of detected defects, which are obtained in 
the previous step, are analyzed in an ordinary 
statistical process to obtain a standard deviatipn of 
the number of detected defects for each of the threshold 

15 values (0 to 255) . A graph 13 in Fig. 7 depicts the 
standard deviation of the number of defects for . each 
threshold value obtained in the above-mentioned manner. 

In the graph 13, the threshold value (gradation 
difference) is represented on the abscissa axis while 

20 the standard deviation of the number of detected defects 
is on the ordinate axis* 

As will be recognized in Fig. 7, as the threshold 
value is smaller, the standard deviation of the number 
of detected defects becomes greater. This is because 

25 noise inherent to the inspection apparatus, namely, 
noise, in this case, derived from hardware such as 
sensor elements and optics as represented by an 
alignment error occurs more often. On the contrary, as 
the threshold is greater, the standard deviation of the 

30 number of detected defects becomes relatively small* 
This Is because a minor gradation difference caused by 
the noise of the inspection apparatus is merged into a 
major gradation difference derived from unevenne^s of 
film thickness and/or unevenness of wiring diameter in 

35 the target devices under inspection « 

Referring back to Fig. 1 again, the st^ of 
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specifying a range of the threshold value (Step S5)' vill 
now be described. 

The step of specifying a range of the threshold is 
executed by the second arithmetic operation unit 6 to 
S specify a range of the threshold value that eventually 
is to be fixed/ from the relation of the threshold value 
(gradation difference) with the standard deviation 
obtained in the previous^ step. This step will be 
described in more detail below. 

10 Fig. 8 is a flow chart showing mathematical 

processing to specify a range of the threshold .value 
that eventually is to be fixed, and Figs. 9 and 10 are 
graphs illustrating the same process as executed through 
the flow chart of Fig. 8. A graph 13 in Pig. 9 is 

16 similar to that of Fig. 7, 

Referring to Figs. 8 to 10, especially 
concentrating on Fig. 9, a conqputation task to specify a 
range of the threshold will now be described* 

First, as shown in Fig. 9, a threshold Th , of a 

20 certain value is selected for the curvilinear grajph 13 
expressing a relation of the threshold Th (» O to| 255) 
with the standard deviation of the nuniber of detected 
defects (Step Sll) . The curvilinear graph 13 

approximates to a linear function y=f (x) in a range less 

25 than the threshold Th while approximating to a constant 
y=c in a range greater than the threshold Th. A least 
square method is used in the approximation, and the sum 
of squared values of the residual error to the 

computed approximation formula (i.e., a difference^ from 

30 the real data) , S=2:ei^ (i= 0 to 255) , is solvefl and 
stored (Step S12) . This set of the steps frc»n selecting 
a value of the threshq>ld Th till storing the total' S of 
squared values of the residual error are repeated' for 
the varied threshold Th ranging frcnn 0 to 255 (Step S13) . 

35 In this way obtained are data sets of combinatiohs of 
the varied threshold Th from 0 to 255 with the sum* S of 
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3ciuared values of the residual error £or edch of the 
threshold value Th, All that have been stated so far are 
shovn as the steps from Sll to S13 in Pig. 8. NeStt, a 
relation of the varied threshold Th with the sum S for 
each of the threshold values is shown in a graph of Pig. 
10- As can be seen in Pig. 10, from the relation of the 
varied threshold Th with the sum S of squared values of 
the residual error, a value of the threshold Th at the 
minimized S is computed. This computation till obtaining 
the threshold Th is illustrated in Step S14 of Fig. 8, 
The threshold value that is eventually to be fix^ is 
computed based upon values in the range smaller than or 
greater than the threshold Th (see Fig. 11). In this way, 
the range of threshold that is eventually to be fixed 
can be specified (discriminative analysis) * In . this 
embodiment, as detailed later with reference to Fig- 11/ 
the eventual threshold is computed from a range LI of 
the threshold value smaller than the threshold Th. (see 
Fig. 11) - 

Then, referring back to Fig- 1, the step of 
determining a threshold value (Step S6) will b© 
described. 

The step of specifying a threshold value is 
executed by the second arithmetic operation unit 6. (see 
Fig. 2) to determine the eventual threshold value in the 
range of the threshold value obtained in the previous 
step* This step will be described in more detail below. 

Fig. 11 is a graph illustrating a situation where a 
threshold Thl is eventually determined in the threshold 
range LI specified in the previous step (Step SB) ; The 
threshold Thl will be coxnputed in the following manher. 

As can be seen in Fig. H, the threshold 'value 
inducing the minimum standard deviation of the number of 
detected defects is computed in the specified threshold 
range LI, and this value of the threshold is employed as 
the eventual threshold Thl. A point of the threshold Thl 
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in the graph 13 is referred to as "property point CI;". 

Additionally, allowing for lot-to-lot variations in 
a wafer and/or waf er*-to-waf er non-uniformity in the. same 
lot, an arbitrary offset value Ol is, as can be seen in 
5 Fig. 12, applied to the threshold Thl as determined 
above to revise a threshold Th2 as the eventual value. A 
point of the threshold Th2 in the graph 13 is referred 
to as "property point C2"- In this case, however, as 
shown in Pig. 12, the minimized threshold value Tl and 

10 the maximized threshold value T2 are determined so! that 
the threshold Th2 can be in a permissible threshold 
range T1-T2, thereby successfully preventing • the 
threshold Thl added by the offset value Ol (i.e., the 
threshold Th2) , from departing from the range » 

15 Fig. 13 shows the computation results of the final 

threshold value Th3 that are obtained by applying the 
aforementioned sequence of the steps Si to S5 (the Steps 
SI to S3 are repeated five times; see Fig, 1) to 
simulation defect test element group (TEG) wafers yhere 

20 the number and coordinates of defects preliminary, made 
in the wafers are known * The matching the simulation 
defect TEG wafers undergo on the inspection apparatus is 
found to attain a time reduced matching job and an 
enhanced reliability. In this embodiment, the threshold 

25 Th3 is computed without using the offset value as 
mentioned above (see Fig« 12) • With the threshold Th3, a 
defect detection rate is 98 %, and an error detection 
rate is 1%. The similar experiment to actually marjceted 
wafers instead of the simulation defect TEG wafers 

30 proves that an acceptable threshold can be obtained, 
showing the same degree of detectivities for defects and 
errors , respectively . 

As has been recognized, since this embodiment 
enables the determination of the threshold by a 

35 quantifying manner enqploying a statistical method; the 
process step of reviewing in the prior art can be 
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omitted^ as slno\m in Fig. 14, vhich brings about a 
reduction of time re<?uired to determine the threshold* 
Also, the threshold can be computed reliably, regardless 
of the skills of the recipe planner. 

The specification of the threshold range at the 
step S5 (see Figs. 8 to 10) may be replaced with other 
method as in Fig. 15, In this case, for example, the 
threshold values, are divided into, ranges greater than x- 
and smaller t:han the same, and the standard deviation of 
the number of detected defects is integrated for e^ch of 
the threshold ranges to compute integral values Kl and 
R2 , The range of the threshold is sectioned at the 
threshold value ir at a given rate of the integral .value 
Rl to R2 (i.e., R1/R2) ; for example, a range L3 defined 
by the threshold value r may be specified as the 
threshold range. 

The specification of the threshold value at Step S6 
<6ee Figs. 11 and 12) may be replaced with other method 
as in Fig. 16. For instance, an arbitrary meahs is 
selected from the aforementioned methods to define a 
threshold range 1,4, and then computed is a prpperty 
point C3 at which the standard deviation of the liumbex 
of detected defects integrated by the threshold valjue (a 
tilt of straight line El) takes a predetermined lvalue 
within the range 1.4, thereby determining a threshold Th4 
corresponding to the property point C3 as an eventual 
threshold. 

The specification of the threshold may be performed 
by a substitution method as in Fig. 17. For instance, an 
arbitrary means among the aforementioned methods is! used 
to find a threshold range L5, and then, approximating 
the graph 13(1) within the range L5 to two linear 
functions E2 and E3 to find an intersection (property 
point) C5 between the linear functions E2 and E3, a 
threshold Th5 corresponding to the property point C5 can 
be s lected as an eventual threshold value. 



<Einbodiment 2> 

Another embodiment is devised to keep more th^n one 
inspection apparatuses matched to appropriate 
5 sensitivity by applying the aforementioned first 
embodiment. This embodiment will be detailed below. 

With an application of the first embodiment, the 
same sample semiconductor devices are scanned on 
inspection apparatuses A and B to compute threshold 

10 values ThA and ThB. To obtain additional sets of the 
threshold values ThA. and ThB, additional sample 
semiconductor devices different from those used xn the 
previous procedure, for example, five of them are used. 
The five semiconductor devices are different from one 

15 another. Fig, 18 shows the results of plotting in 
coordinate system six sets of the threshold values ThA 
and ThB obtained respectively for six of the san^le 
semiconductor devices on the inspection apparatuses A 
and B. 

20 As can be seen in Fig. 18, data of the threshold 

values ThA and ThB in the plotted points PI to are 
processed in a linear approximation method to produce 
approximation line (calibration line) £4 to. the 
threshold values ThA and ThB« A tilt of the calibration 

25 line E4 is 1. Although, Ideally, the points PI tio PS are 
plotted in the calibration line E4, some plotted points 
lie in locations slightly apart from the calibration 
line E4 due to peculiarities inherent to the inspection 
apparatuses A and B. As will be perceived frotn the 

30 locations of the plotted points PI to P6, however, it 
seems that a correlation coefficient R (e.g., 0<R<1) 
indicating a depth of correlation of the threshold 
values ThA and ThB reaches a certain level or' even 
higher. The ideal correlation coefficient R is 1, jThus, 

35 a permissible range of the correlation coefficient; R is 
determined, allowing for the peculiarities inh rent ^o 
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the apparatuses, and If the correlation coefficient R is 
not in the range, the inspection apparatuses must be 
sent for maintenance. When the correlation co fficient R 
is appropriate but the tilt of the calibration line E4 
is deviated from 1, also, the inspection apparatus 
should probably be sent for maintenance. ; 

As has been described, in this embodiment', the 
inspection apparatuses can keep .inatched with appropriate 
sensitivity, relying on the threshold coirputed 
quantitatively. Hence, a time required for the matching 
is reduced, and a beneficial reliability of the matching 
results is also attained* 

<Einbodiment 3> 

Another embodiment applies the aforementioned first 
embodiment in performing a quality control (QC) of the 
inspection apparatuses to check if the inspjection 
apparatuses are well maintained as required. More 
specifically, the results of the inspection previously 
carried out more than once are compared with the results 
of the current inspection to confirm if the insp^ection 
apparatuses previously and currently used are well 
maintained as required at present. This enibodiment will 
be detailed below. 

This time, the first embodiment is applied to the 
inspection on some inspection apparatuses to :obtain 
threshold values of six sample semiconductor devices. In 
contrast, the threshold values already computed during 
more than one inspections of the same six sample 
semiconductor devices on the same inspection apparatuses 
are averaged to find a mean value of each of the .sanple 
semiconductor devices. For example, when the cc^nputation 
of the threshold has already been carried out n times 
before the current inspection^ n threshold .values 
obtained for the six sample semiconductor devices are 
averaged In this way, combination data of the 
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px-eviously obtained average of tJie threshold values with 
the thr shold values obtained this time are produced for 
each of the six sample semiconductor devices- Fig* 19 
illustrates points Pll to PI 6 that are six combination 
data plotted in the coordinate system with the ab^cisfid 
axis representing the threshold value obtained this time 
and the ordinate axis representing the average of the 
previously obtained threshold values. 

As can be seen in Fig. 19, a linear approximation 
method is used to produce approximation line E5 to the 
plotted points Pll to P16, A tilt of the calib:ration 
line E5 must be approximately 1, and a correlation 
coefficient R must also be approximately as high as 1. 
Thus/ once the permissible range of tilt of the 
approximation line E5 or of the correlation coefficient 
R is determined, the inspection apparatuses having the 
tilt or the correlation coefficient R deviated frpm the 
range are regarded as not maintained well and having to 
be sent for maintenance. 

As has been recognized, this embodiment enabXes the 
quality control of the inspection apparatus relying upon 
the threshold values quantitatively computed, and this 
also enables more precise management with improved 
sensitivity to a degradation of performance of the 
inspection apparatuses* 

<Embodiment 4> 

Another embodiment applies the aforementioned first 
and third embodiments to a quality control of the 
inspection apparatuses so as to optimize the total cost 
performance of the inspection apparatuses. 

First, a concept of the optimization of t.otal cost 
estimation will now be described* 

Fig* 20 is a graph (of loss function) illustrating 
a model frame of optimizing the total estimated cost. 
Intervals from one wafer inspection to the ne?ct are 
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re^presented on the atoscissa axis while estimated ■ coet 
(loss) is on the ordinate axis. 

As can be seen in the graph Gl of inspection- cost 
performance in Fig. 20, as the inspection intervals 
5 become longer, or as a frequency of the wafer inspection 
is decreased, the estimated cost required for the wafer 
inspection is reduced. Also, as will be recognized in a 
loss cost -graph— G2, as the intervals between : wafer 
inspections become longer, the estimated coet of loss is 
10 increased due to defective products that are overlooked 
skipping an inspection. The total cost is a sum of the 
inspection cost and the loss cost, which is depicted as 
a graph G3 gained fay adding the inspection cost graph Gl 
and the lost coat graph G2 as in Fig. 20. Thus, the 
15 wafer inspection interval that minimizes the los^ as a 
whole is recognized in the total cost graph G3: as a 
point Fl at which the total cost is correspondingly 
minimized at the optimized point Op in the graph GlS. In 
this way, the wafer inspection intervals minimizing or 
20 optimizing the total cost can be found. Although the 
inspection interval is considered as one of cost factors 
influencing the total cost, the remaining cost factors 
include a type of the inspection apparatuses, the number 
of inspected wafers, an inspected surface coverage, a 
25 frequency of reviewing defects, a manner of reviewing 
defects, and so forth. In this embodiment, the cost 
factors are coniputed in a quantifying manner to optimize 
the total cost, so that the wafer inspection can be 
carried out on the basis oriented to the optimized cost 
30 perfonnance. 

Fig. 21 is a diagram showing an architecture: of the 
cost management system that permits a computation of 
various cost factors to optimize the total cost a^d then 
performs inspections relying on the computed coat 
35 factors . 

The cost management system includes a ' defect 
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inspection management system 15 that produces data of 
the cost factors (e.g., the inspection intervals, the 
nuinber of inspected wafers, etc.) useful to optimize the 
total cost based on information about predictable yields, 
5 processing apparatuses, product schemes, and so forth^ 
so as to perform the wafer inspection relying on the 
cost factor data. Also, the cost management system 

includes _ a yield predicting server 22 capable of 

gathering feedback data on defects detected through the 

IQ wafer inspection by the defect inspection management 
system 15 to correct information on predicted yields and 
processing apparatuses used to produce the cost factor 
data, and further includes a clean room (CR) property 
server 24, Additionally, the cost management system has 

15 a electric property server 26 that uses data resulted 
from a electric property check of wafer by a tester on 
the inspection apparatuses (not shown) to confirm 
validity of the data on defects. The cost management 
system will be described in more detail below, 

20 As shown in Fig, 21, the defect inspection 

management system 15 serving as a major portion of the 
cost management system includes a cost calculating unit 
16 that uses predetermined operation formulae to •confute 
data on the inspection intervals, the inspection 

25 apparatuses, the number of inspected wafers,' the 
inspected surface coverage^ the frequency of reviewing 
defects, the manner of reviewing defects, and so ori. 

Also, the defect inspection management system 15 
includes inspection apparatuses 18A and 18B i that 

30 executes the defect inspection of vjafers, relying upon 
the cost factor data such as the inspection intervals 
computed by the cost calculating unit 16. Data on the 
thresHold values for tbe insp>ection apparatuses 19A and 
18B, and data on the inspection such as inspection mode 

35 data representing a resolution during the image pictkup 
operation are set and saved in the inspection 
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apparatuses 18A and 18B in advance ♦ 

Moreover, the defect inspection management ^stem 
15 includes review apparatuses 19A and 19B that| uses 
data on defects detected on the inspection apparsituses 
5 ISA and IBB (e.g., the nuxhber of defects , dimensions of 
the defects, types of the defects, coordinates of the 
defects) to review and classify defect:B of the wafers. 

The defect inspection, manag^nent system 15 further 
includes a defect inspection data management server 20 

10 for management of the cost factor data such ad the 
inspection intervals produced by the cost calculating 
unit 16, the inspection data predetermined iii the 
inspection apparatuses 18A and 18B, and the da^ of 
defects from the inspection apparatuses 18A and 18B. The 

15 defect inspection management system 15 also includes a 
first database Dl that stores the cost factor data, the 
inspection data, and the defect data. 

The cost management system, vhich is provided with 
the defect inspection management system 15 configU3^ed as 

20 mentioned above, further includes a yield predicting 
server 22 that uses data such as the defect data stored 
in the first database Dl to predict yields, and a second 
database D2 that stores data on the predicted yields 
computed by the yield predicting server 22. 

25 The cost management system includes a CR property 

server 24 for management of various processing apparatus 
related data used for the wafer processing steps (names 
of the apparatuses, the number of them, manners of the 
processing, throughputs, prices of the apparatuses, 

30 terms of depreciations, payrolls, maintenance 'fees, 
expenses for powers, availability rates, etc.) sind of 
product scheme data (expected yields, the number of 
introduced lots, terms of setting work, expenses for the 
work, the nxuhber of process steps, etc.)- The cost 

35 management system includes a third database D3 that is 
administered by the CR property server 24 and stores the 
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above-mentioned various processing apparatus related 
data and the product scheme data. 

The cost management system includes an electric 
property server 26 that gathers data on the results of 
inspections by the tester (real yield check) on t^ester 
inspection apparatuses (not shown) that assuredly detect 
electrical malfunction of wafers. The electric property 
server 26 is - designed to receive the data on the 
inspection results and retrieve data on the portion of 
wafer having electrical malfunction to compute 
coordinate data on the defective portion. The electric 
property server 26 is also designed to receive the 
defect data (including data on coordinates of defective 
portions) from the inspection apparatuses ISA and 18B 
and match the defect data with the computed coor^iinate 
data to check validity of the defect data from the 
inspection apparatuses 18A and 18B. The electric 

property server 26 is adapted to store data of the 
matching results in the fourth database DA connected 
thereto . 

An operation of the cost management system as 
mentioned above will be described, focusing pn an 
operation of its major portion or the defect inspection 
manag^nent system 15, 

Fig. 22 is a flow chart illustrating the operation 
of the defect inspection management system incorporated 
in the cost management system. 

The cost calculating unit 16 gathers required data 
from the first to fourth database Dl to D4 in computing 
the optimum cost to produce the cost factor data for the 
optimization of the total cost. The cost cal<nllating 
unit 16 produces data used to set various parametjers of 
arithmetic operation formulae for the optimized, cost/ 
based upon the data taken out from the first to : fourth 
database Dl to D4 (Step S21) . 

Then, the cost calculating unit 16 substitutes the 
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various data produced for rhe parameters of som of tho 
arithmetic operation formulae and then exfecut s 
arithmetic operations for the optimized cost to prodiace 
the cost factor data such as the inspection in^ierval 
data suitable for the optimization of the total cost 
(Step S22) . 

More specifically, the cost calculating uni.t 16, 
^fter substituting the data for the various parameters 
in the formulae/ finds an inspection cost function with 
^ variable of the inspection interval data (see the 
graph Gl in Fig. 20) and a loss cost function with a 
variable of the inspection interval data (see the ; graph 
G2 in Fig. 20) through arithmetic operations* Then, a 
total cost function that is the sum of the inspection 
cost function and the loss cost function (see the graph 
G3 in Fig. 20) is produced. Similarly, the total; cost 
function is computed for the remaining cost factor data 
such as the number of inspected wafers, and the obtained 
total cost functions are comprehensively evaluated to 
find the most cost effective value (Step S22) . 

At Step S22, the cost factor data suitable to 
minimization of the total cost is computed, but the 
total cost may be neglected as required, for exan^le, by 
shortening the inspection interval as shown in Fig, 23. 
Specifically^ when the inspection apparatuses have an 
excessive capacity available^ the inspection interval 
may be shortened to carry out the inspection [ muore 
frequently on them. Also, when it is necessary to 
inspect a numerous wafers to compute the predicted 
yields mentioned later, the total cost may be sacrificed 
to shorten the inspection interval. 

After the cost factor data are computed/ the 
inspection apparatuses 18A and 18B make a decision if 
they should undergo the QC (see the third embodiment and 
Fig. 19) (Step S23) . The inspection apparatuses and 
18B store, in advance, data on a registered cycle ('e.g.. 
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a week) at which the inspection apparatus QC is carried 
out, and the inspection apparatuses 18A and 18B 
detemdne if time elapses over the cycle period of the 
data after the previous inspection apparatus QC. 

If the inspection apparatuses ISA and 188 determine 
to execute the QC (YES at Step S23) , they compute the 
threshold values, following the manner as in the .first 
embodiment (Step -S24). 

With the application of the third eeibodiment., the 
inspection apparatuses 18A and 18B determine if the 
computed threshold values are in the predetermined range 
{Step S26). If so (YES at Step S25) , it is checked if 
the wafer with whieih the threshold values are cortputed 
is normal (Step 326) . 

No excursional wafer is found (NO at Step S2^) , at 
is Judged that there is something abnormal with the 
inspection apparatuses ISA and 18B and they should be 
sent for maintenance (Step S27) . Then, the threshold 
values are computed on the inspection apparatuses 18A 
and IBB again (Step S24) , and it is determined if the 
contputed threshold values are in the predetermined' range 
(St^ S25) . 

On the other hand, if the inspection apparatuses 
18A and 18B determine not to undergo the QC (NO at Step 
S23) , and if no abnormality is found with the inspection 
apparatuses 18A and 18B (MO at Step S25) , Step S28 is 
executed after additional judgment that there is 
something wrong with the wafer (YES at Step S26) . The 
inspection apparatuses 18A and 18B receives the cost 
factor data such as the inspection interval' data 
obtained through the arithmetic operations to obtain the 
optimized cost at Step S22, and then proceeds %ra.th the 
inspection to find defects of the wafer based upton the 
received cost factor data (Step 328) . 

The inspection apparatuses 18A and 18B, after the 
defect check of the wafer, send data on defects detected 



through the inspection (coordinates of the defects, the 
member of defects / types of the defects^ dimensions of 
the defects, etc.) to the defect inspection data 
management server 20, vhich stores the received defect 
5 data in the first database Dl (Step S29) , AIbO, the 
inspection apparatuses ISA and 18B transfer part of the 
data of the detected defects, namely, the data oln the 
coordinates ..of the defects, for -example, to the defect 
review apparatuses 19A and 19B (Step S29) . 

10 The review apparatuses 19A and 19B, receiving the 

data like the coordinates of the defects from the 
inspection apparatuses 18A and 18B^ further receive the 
data confuted through the optimization cost calculation 
at Step S22, namely, the data on the manner of reviewing 

15 the defects and the number of times of the reviewing, 
from the cost calculation unit 16 to classify the 
defects, following instructions of the received! data 
(Step S30) . When the received data on the manner of 
reviewing defects is an ADC data, the throughput on the 

20 number of times of the reviewing is increased, but 
instead, a precision of the defect classification l>y 
means of the review is degraded. In contrast; the 
received data on the manner of reviewing defects is a 
manual classification data, the precision of the defect 

25 classification by the review is upgraded, tout instead, 
the throughput of the frequency of the reviewii>g is 
decreased. 

After con^leting the defect classif ication,^ the 
review apparatuses 19A and 19B transmit the defect 
30 review data to the defect inspection data management 
server 20 (Step S31) . : 

The defect inspection data management server 20 
stores the received defect review data in the first 
database Dl (Step S32} . 
35 The defect inspection data management servet* 20, 

once storing the defect data and the defect review' data 



as stated above in the first database Dl, transmits a 
feedback data of the same data stored in the ! first 
database Dl to the yield predicting s rver 22 (Step S33) • 
The defect inspection management system IS finishes 
5 its tasks in the aforementioned manner, and succeedingly, 
the remaining apparatuses execute other jobs of 
jprocessing. 

The yield predicting server 22, receiving the 
defect data and the defect review data from the defect 

10 inspection data management server 20, uses the received 
data to renovate various data in the second database D2 
connected thereto, so as to produce reneved .yield 
predicting data. The existing yield predicting data is 
overwritten by the new yield prediction data. 

The yield predicting server 22, once renovating the 
yield predicting data, may correct the renewed yield 
predicting data with reference to the data on : real 
yields stored in the fourth database connected to the 
electric property server 26. The yield predicting server 

20 22 may correct other data such as killer prediction 
ra^es for classes of the defects stored in the second 
database D2. 

The yield predicting server 22, after renoviating 
the yield predicting data or correcting the r^ewed 

25 yield predicting data, transfers the renovated or 
corrected yield predicting data to the CR property 
server 24 , The CR property server 24 uses the repeived 
yield predicting data to correct the information about 
the product schemes in the third database D3 connected 

30 thereto. The electric property server 26 receives the 
defect data (including the coordinate data on' the 
defects) from the inspection apparatuses 18A and 18B and 
matches the defect daua with the coordinate ■ data 
carrT>uted from the results of the above-mentioned tester 

35 inspection to check validity of the defect data, and the 
results of validity confirmation are stored in: the 
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fourth database D4 . After that/ the tasks are repfeated, 
following the flow chart in Fig. 22. 

As has been described, in this embodiment, the -cost 
factor data such as the inspection intervals that should 
be input in the inspection apparatuses can be 
quantitatively determined, allowing for the total cost, 
in addition to that, in newly constructing process lines 
_pf semiconductor- devd-ees at manufacturing plant, various 
database incorporated in the aforementioned ■ cost 
management system can be exploited to compute an 
appropriate number of the inspection apparatuses 
required to the newly established process line, which 
bring about an optimization of the cost invested in the 
construction of the new process line. 

In accordance with the present invention, linage 
data taken from the desired surface areas of eadh of 
semiconductor devices are analyzed by a statistical 
method to produce mathematical functions, and data on 
defect detection sensitivity are obtained frow the 
functions, thereby determining the defect detection 
sensitivity data in a quantifying manner. 



